ABSTRACT: Increasing numbers of people are spending time focused on "the third screen" of a mobile device. Through ubiquitous connectivity, personalization, and affordability, such mobile devices have become much more than just entertainment handsets.In particular, e-commerce has harnessed the power of wireless computing to expand to mobile commerce (m-commerce), thus providing consumers with commercial services on the go. Because such services are often driven by customer input, it is important to consider the relevance of consumers to the development of new service offerings. We therefore dissect innovations in m-commerce by conducting a textual analysis of all filed m-commerce patent applications (over 2,300 in total). By using social network analysis and cluster analysis, we subsequently capture the focal innovation areas in m-commerce and develop a corresponding taxonomy of these innovations. The results clearly illustrate the importance of consumer empowerment and co-creation in the context of m-commerce innovations.
Mobile commerce, or m-commerce, is considered by many to be the next wave of electronic commerce (e-commerce) [44] . Because mobile devices such as cell phones, personal digital assistants (PDAs), and other handheld computers offer real-time communication and anytime-anywhere access, they can provide an important platform for such services as financial transactions (e.g., e-banking, buying, selling, payments, coupons), location-based queries (e.g., map services, traffic advisories), entertainment (e g., gaming, ticketing), education, health care, inventory management and tracking, and even enterprise resource planning [25] . Skiba et al. captured this versatile nature of m-commerce by defining it as the "use of mobile devices to communicate, inform, transact" and entertain "using text and data via connection to public or private networks" [68, p. 8] .
As with many other new technologies, the promise of m-commerce initially outpaced the actual delivery of m-commerce applications and services. As noted by Liang and Wei in their introduction to the 2004 special issue of the International Journal of Electronic Commerce on "Mobile Commerce Applications," although m-commerce is "a promising technology for driving the second wave of e-commerce" [44, p. 15] , "many attempts in m-commerce have so far failed to meet expectations" [44, p. 7] . Since that time, however, progress has been made toward fulfilling those early expectations. For example, more recent forecasts indicate that global retail m-commerce will reach $119 billion per year by 2015 (the equivalent of 8 percent of the total e-commerce market) [66] .
In 2003, Jarvenpaa et al. projected that "the success of m-commerce services is likely to depend on how flexible and malleable the technology is to all users to shape it to their individual and group needs in various social and business contexts. It will be the innovativeness of users and uses, not the innovativeness of the technology, that will drive m-commerce growth to a new level" [31, p. 44] . Many other studies have also emphasized the role of the consumer in driving m-commerce innovation and in helping the m-commerce revolution to materialize [22, 50, 51, 59 ]. Mylonopoulos and Doukidis defined m-commerce as "an ecosystem of individuals and business actors, in given historical socioeconomic contexts, engaging in multiple successive technological frames through a learning process of co-creating new experiences of social interaction with the use of wireless and mobile technologies" [50, p. 8] . Indeed, one of the unique characteristics of mobile commerce is its ability to instill in consumers a much stronger feeling of empowerment [19] to co-create alongside producers than that provided by traditional e-commerce [83] .
Our goal in this paper is to study the evolution of m-commerce innovations that have contributed to consumers' empowerment to adopt m-commerce and co-create alongside innovators. We thus leverage the power of social network analysis (SNA) and clustering techniques to uncover trends and similarities between innovations, as indicated by key words in the titles of U.S. patent applications related to m-commerce. While SNA has been used to build co-occurrence networks for paper citations as a way to synthesize prior literature [35, 42] , we are not aware of any prior work that has applied the SNA methodology on patent titles to study the evolution and focal themes of patent topics and the related innovations.
With this in mind, the first step of our analysis uses an automated Web extractor to retrieve the text and details of more than 2,300 U.S. patent applications related to m-commerce from the years 2001 to 2010. Our approach then uses SNA to analyze the relationships between patent title key words and to capture the evolution of m-commerce innovations over time. Finally, we use cluster analysis to construct a high-level taxonomic framework for m-commerce innovations. It is important to recognize that although several other m-commerce-related taxonomies have been developed in prior research, they have tackled m-commerce applications [4, 41, 79] or m-commerce interface design [39] rather than m-commerce innovations. In contrast to these previous efforts, our taxonomy specifically highlights the value of m-commerce innovations in facilitating consumer empowerment and in enhancing co-creation between consumers and m-commerce innovators.
One of the major contributions of this research effort is to clearly point out the similarities and differences between e-commerce and m-commerce and to discuss how these differences characterize the role of consumer co-creation in m-commerce. Furthermore, the analysis of the evolution of m-commerce innovations developed below constitutes one of the first attempts to understand how m-commerce has matured over the years. As such, the discussion helps to illustrate the effect of evolving consumer needs on the filing of m-commerce patents by innovators. By highlighting the unique characteristics of m-commerce, the patent evolution map and the developed taxonomy also provide insights to practitioners on what they need to do to jump on the m-commerce bandwagon and be successful.
The remainder of this paper is organized as follows. We present in the following section a thorough review of related research on the importance of consumer empowerment and co-creation in mobile commerce, along with the resulting "rerationalization" of growth and innovation on the part of m-commerce firms. We then provide additional details about the data collection, data processing, and methods used in our study. This is followed by the results of our social network and cluster analyses, with particular emphasis on the maturing stages and evolution of m-commerce innovations. Subsequently, we present the new taxonomy of m-commerce innovations. In conclusion, we elaborate on the paper's contributions and discuss the limitations of the study.
Related Literature
Schumpeter [64] argued that technological change is the primary driver of innovation, and he assumed that consumers are able to absorb any new innovation, essentially suggesting that demand automatically adjusts to supply. In the 1960s, Schmookler [63] challenged Schumpeter's theory by stressing the role of demand in inducing technical progress and arguing that the success of an innovation is intertwined with a strong and growing demand for it. With the advent of the Internet, cost-effective access to information has subsequently expanded the role of the customer from being a simple consumer to being both a creator of demand and a driver of innovation. Mobile devices have become an intrinsic part of their owners that accompany them at all times and provide them with anywhere-anytime real-time connectivity to the rest of the world. This has enhanced consumers' empowerment and given them more opportunity and motivation to co-create value, so that this constant connectivity can be as meaningful as possible.
"Co-creation" is defined as "the participation of consumers along with producers in the creation of value in the marketplace" [83] , and it can be either "autonomous" (voluntary) or "sponsored" (initiated at the request of a producer) [83] . Online systems such as wikis and blogs are good examples of co-creational applications in which users are the main providers of content. The related idea of "crowdsourcing" [16, 40] was born from consumers' desire to contribute their opinions and ratings of products and services via established online review communities, such as Yelp. Crowdsourcing is also associated with the concept of "word of mouth" (WOM), which is defined as any form of "informal communications directed at other consumers about the ownership, usage, or characteristics of particular goods and services and/or their sellers" [78, p. 261] .
WOM has been shown to significantly influence both sales and firm profitability. This influence is particularly significant for electronic WOM (eWOM), which uses the Web as its communication channel [83] . Chevalier and Mayzlin emphasized that eWOM has become "an important source of information to consumers, substituting and complementing other forms of business-toconsumer and offline WOM communication about product quality" [11, p. 345] . As an illustration of this, a recent study by Li and Hitt [43] revealed that the purchasing decisions of nearly 82 percent of consumers have been affected by online reviews. Furthermore, industry reports [17, 52] found eWOM more effective than expert reviews at influencing offline and online purchasing behavior. Within m-commerce, as opposed to within the more general realm of e-commerce, it is significant that such reviews are available not only to consumers who are shopping online at home but also to those who are away from a computer and even those who are shopping at brick-and-mortar establishments. Consumers thus have the ability to augment their shopping experience, and that of other consumers, in real time and at their own pace.
The effectiveness of crowdsourcing as an enabler of consumer empowerment is also supported by Adam Smith's "invisible hand" theory [69] , which conjectures that even in the absence of communication, collective problem solving (to make more informed purchases) is superior to individual problem solving. Smith's "invisible hand" was defined by Friedman as "the possibility of cooperation without coercion" [18, p. 3] . In the same context of cooperation, Zwass defined "consumer empowerment" to be the ability to "effectively interact with the world on different levels (thus, personal, dyadic, group, and community, but also an opening of the real self to the world) and to accomplish activities heretofore unachievable, and engage in a search for meaning" [83, p. 37] .
Füller et al. [19] further identified the factors that influence consumers' perceived empowerment and their willingness to co-create alongside producers as (1) experienced tool support, (2) user involvement, and (3) enjoyment. This is consistent with Bandura [5] , who showed that people's self-efficacy is strengthened with (1) enjoyable fun during traditionally stressful activities, (2) encouragement, (3) observing others' success, and (4) achieving mastery of an activity. In encouraging further co-creation by consumers, Zwass also stressed the empowering capabilities of "virtual prototyping tools with immediate feedback, wide solution spaces affording users broad control, and congenial user interfaces that foster realistic understanding of the product under development and creative articulation of the co-creator's ideas" [83, p. 37] , which can increase consumer involvement. According to the elaboration likelihood model (ELM), consumers process information differently depending on their level of involvement [55, 56, 57, 73] . Therefore, by increasing consumer involvement, such as by using empowering capabilities of mobile device capabilities [83, p. 37] , m-commerce innovations can increase consumers' intention to buy a product or a service.
The Triandis theory of human behavior [32, 75, 77] further supports the importance of consumer empowerment with respect to purchasing intentions. According to this theory, consumers' purchasing intentions can be determined based on their "cognitive and affective evaluation," along with the effect of "social factors" [32, p. 62] . This is also consistent with what Atlee has called "group magic" or "mutual attunement," which can lead to "dissolving of boundaries, barriers, and battles of individualism (ego) in order to better tap the powerful essence of individuality (i.e., uniqueness and individual capacity) in the context of collective activity" [3, p. 11] . The noetic (spiritual) value of communities stems from the coming together of groups of individuals who believe in the same cause or have similar interests.
The recent integration of m-commerce with social networking sites such as Facebook and Twitter highlights the "social factors" dimension of the Triandis theory. Many have argued that, in order to engage consumers, a shopping experience should address both the cognitive and social sides of the user [16, 36, 37, 53] . Kumar and Benbasat noted that "shoppers have become guests, shopping has become an experience and malls have become entertainment centers with communities" [36, p. 8] , and recent studies have drawn on social presence theory [67] to explain how important it is for an Internet medium to allow human contact and sociability [16, 80] . "Social shopping," that is, mobile commerce with integrated social networking aspects, has been categorized in prior literature as a hedonic activity [2, 15, 23] , with authors arguing that the sense of community with friends and total strangers offered by "social shopping" generates a playful experience. It has been noted, in particular, that consumers' use of m-commerce systems is frequently enhanced with such "playful, interesting, challenging, and meaningful" activities [19, p. 79] . Belk et al. [7] showed that when users reach a state of jouissance when performing a task, they tend to repeat the task to experience the same elation. Pihlström [58] also emphasized that the value of mobile services lies not only in their utilitarian elements, but more important, in their hedonic characteristics, and Hong et al. [24] showed that perceived pleasure and enjoyment are critical requirements of consumers' mobile service usage.
Although many of these characteristics are present in both e-commerce and m-commerce systems, the nature of the interaction between mobile technologies and consumers makes their significance more pronounced in the case of m-commerce. The playfulness, interactivity, and ubiquitous accessibility of mobile devices, along with the sociability, the tactile nature of the interaction, and the portability of the experience, all align with the factors discussed above. Apple's late visionary Steve Jobs expressed the notion that "software is the user experience" [82, p. 324 ]. In addition, Cyr et al. [13, 14] found that "the aesthetics of a mobile interface" [13, p. 951] and the "look and feel" of the interface have a significant impact on consumer enjoyment. Sarker and Wells also found that although mobile users are "quite forgiving of physical limitations of the device due to technological constraints, they were bothered by flaws in the interface of the devices" [62, p. 37] . In the context of m-commerce, it is therefore both the software (applications) and the hardware (interface) that ultimately enable the richness of the user experience, and thus it is the combination of these two m-commerce innovation aspects that can help to empower consumer co-creation alongside organizational innovators.
While m-commerce innovations have been instrumental in empowering the end user, they have also resulted in improved productivity, reduced costs, and empowerment for firms [47] . The automated aspects of m-commerce allow firms to cut down on personnel at brick-and-mortar offices and at call centers. More important, firms are learning from consumer blogs, reviews, ratings, and feedback about how to improve their products to better meet consumers' preferences and thus to support their continuing relationship with those consumers. From the standpoint of continuing to enable customer co-creation of value with the organization, the ongoing development of such relationships can help reveal more innovative ideas and insights, even without explicit intention [8] . This can thus provide additional opportunities for both sponsored and autonomous co-creation.
The value of consumer empowerment and co-creation to the m-commerce industry is said to exceed that which is implied by the marketing discipline's "consumer-centrism" definition of co-creation [9, p. 357] , in which co-creation is considered merely to be the democratization of innovation. In fact, Zwick et al. [85] argued that bringing consumers in as partners in co-innovation and co-production within the realm of the information economy (of which m-commerce has become an intrinsic part) is a strategic necessity to address their sophisticated and ever more demanding needs. They also argued that such co-creation rerationalizes growth and innovation on the part of firms, providing them with both economic and strategic incentives to pursue innovation. Consumer empowerment and co-creation have thus spurred the creation of a "post-Fordist" [84, p. 228 ] form of capitalism, where the production of tangible commodities has been superseded by the production of "knowledgeintensive" intangibles such as patents.
Given this theoretical foundation for the relevance of consumer empowerment and co-creation to m-commerce, we seek to determine the extent to which its presence is actually exhibited in the ongoing development of m-commerce innovations. Prior research has used patent-related indicators to quantify innovation [1, 21] , and, in particular, Aghion et al. [1] measured the intensity of innovation using the average number of patents established by firms in a particular industry. We similarly expect patent records (as "visible" indicators of innovation) to show the growing importance of co-creation in rerationalizing innovation in the context of m-commerce.
In order for us to characterize the industry's evolution from its early unrealized potential to its current level of support for consumer empowerment, we must look at a number of years of historical patent information. It is thus important to use an automated technique to extract and analyze the major concepts reflected in the record [76] . A number of such techniques have been used not only to generate an analytic measure of the extent to which different patents are similar in content [48, 76] but also to create a visual representation of the relationships inherent in the patent data [38, 72, 81] . There also can be value in applying a clustering or categorization technique to the data in order to extract significant characteristics about the relationships between the different patents [10, 45, 74] .
With this in mind, our research methodology employs a combination of social network and clustering analyses in order to visualize the evolution of m-commerce innovations over time and to determine a set of focal areas that characterize m-commerce innovation. SNA is a well-known data analysis technique that supports both quantitative and visual analysis of the relationships between concepts [35, 38] , yet it has not previously been applied to analyze patent titles' focal themes. Because many SNA implementations automatically incorporate clustering algorithms, however, the use of SNA also provides the opportunity to use cluster analysis for further assessing the relative importance of each concept (or focal innovation topic, in our context), based on the strength of the relationships with which it is associated. The combination of these two techniques thus supports our effort to examine whether or not the theoretical importance of topics such as consumer empowerment and co-creation is reflected in the patent record and thus whether these topics are exhibited as important aspects of m-commerce innovation.
Research Design

Data Collection and Processing
To capture representative data on the evolution of m-commerce innovations, we collected all patent applications related to m-commerce that were filed with the United States Patent Trademark Office (USPTO) as of January 1, 2011. M-commerce (as well as e-commerce) patents belong to patent class 705 [34] . Using the USPTO query engine, we queried all the patents that belong to patent class 705 and that have the key word "mobile" mentioned anywhere in their abstracts or titles. We found a total of 2,303 patents meeting these criteria. We then used a commercial Web-scraping program, the Web Content Extractor program (www.newprosoft.com/web-content-extractor.htm), to extract information about each patent (title, abstract, patent filing date, patent posting date, and patent class).
From this set of characteristics we chose to focus our data analysis on the patent titles because they are concise enough to provide a manageable amount of data and yet sufficiently descriptive to provide an excellent indicator of patent content in and of themselves. This is because the USPTO (www.uspto gov) requires that each title be "descriptive of the invention claimed," and if a given title does not closely convey what is claimed in the corresponding invention, then the author is required to substitute "a new title that is clearly indicative of the invention to which the claims are directed." As a result of this, although patent titles are often lengthy, "the loss in brevity of title [is] more than offset by the gain in its informative value in indexing, classifying, searching, etc." (www.uspto.gov/web/offices/pac/mpep/documents/0600_606_01.htm). The other patent information, such as the patent filing dates and filing firms, was subsequently used to support the analysis of the text-mining results and to better inform the subsequent discussion.
The titles of the 2,303 patent applications obtained from the USPTO Web site were 9 words long, on average, with a 4.5-word standard deviation. The longest patent title had 57 words, and the shortest was 8 words long. The patents' titles contained a total of 21,307 words for an average of 8.98 words per patent application title. We filtered out the following nondescriptive words: &, a, about, across, after, among, an, and, another, any, are, as, at, back, based, being, between, by, can, due, during, each, for, from, further, given, having, if, in, is, it, its, many, of, on, onto, or, other, otherwise, outside, over, such, that, the, their, therefore, thereof, to, towards, under, upon, using, via, when, where, which, while, who, with, within, without. After removing these nondescriptive words, the total number of words was reduced to 14,905, which corresponds to approximately 6.28 words per patent application title. The word set was further refined by grouping words with the same stem (e.g., "present" and "presentation"), where applicable. This resulted in 1,222 unique stems, rein-forcing the notion that there are many commonalities among m-commerce patent application titles.
Methodology: Social Network Analysis and Cluster Analysis
We used SNA to analyze the textual relationships between the m-commerce patent application titles and key words, and thus to uncover trends and patterns in m-commerce innovations. A common starting point with SNA consists of representing a social network as a graph on which entities are nodes and relationships are the arcs connecting these nodes. There are two modes of visualizing entities, one-mode and two-mode (bipartite). In the first mode of representation, nodes representing the same types of entities are related. In our context, this results in establishing relationships between the patent titles or relationships between the key words (such relationships would be defined as "patent titles share the same key word" or "key words appear in the same patent title"). Alternatively, a two-mode representation relates different types of entities. For example, in our context, this would consist of relating patent titles directly to key words (such a relationship would be defined as "patent title contains the key word"). Therefore, for each mode of graph and for different types of entities, the relationships among entities will have different meanings. This aspect of SNA makes it very modular in nature.
To construct a visual representation of any network that includes nodes for the patent titles, the individual titles first have to be coded because embedding the entire title on a graph is quite cumbersome. To do this, we adopted the coding scheme "patent number (year)," where "year" denotes the year that a patent application was filed, and "patent number" the order in which the patent applications were filed with the USPTO in that year (e.g., 1(2010) represents the first social networking patent filed in 2010) [30] .
Once the initial relationships between patents and key words were defined, we further conducted cluster analysis to identify focal areas of m-commerce innovation. We used the faction tool of UCINET (www.analytictech.com/ ucinet), an SNA program distributed by Analytic Technologies, to identify groups of largely connected nodes in the graphs. While there are many algorithms for forming groups or clusters, including clique formation and block modeling [29, 30] , we selected the UCINET's faction tool because it forms groups by maximizing similarity to an "ideal type" or focal node.
SNAs and SNA visualizations (using UCINET's Netdraw tool) are typically associated with incidence matrices. For example, the two-mode SNA graph that relates patent application titles to the filtered word set can be represented by 2,303 rows representing patent titles and 1,222 columns representing the filtered word set. Because cluster analysis in UCINET can only be conducted on square matrices, however, a feature in UCINET was used to transform each historical two-mode matrix into two such one-mode square matrices. We opted to dichotomize each such matrix and thus represented the presence of a relationship with a 1 and the absence of one with a 0. This suggests a digestive postbubble stage in which firms started assimilating and embracing the mobile technological advances that were created in the dot-com era and using them to enable m-commerce. While the bubble years were all about e-commerce, our preliminary results reveal a paradigm shift toward m-commerce after 2000. Although it is common belief that m-commerce started only recently, Figure 1 reveals that in reality m-commerce innovations started sprouting a little after the onset of the new millennium. Figure 1 also indicates that the number of m-commerce patent applications seems to have remained constant at around 140 throughout the quasi-recession following the postbubble stock market crash and the 9/11 terrorist attacks. Starting in 2006, however, the number of m-commerce patent applications grew very quickly, and the filing of such patents seems to be unaffected by the ongoing recession that started in late 2007 as a result of the housing bubble and the credit crisis. Furthermore, because it takes up to two years for a patent application to be posted on the USPTO Web site, the number of patents filed in 2009 and 2010 may actually be much greater than what is portrayed in Figure 1 . 
Patents Filed per Year
Patents Filed by Firm
We were first interested in discovering what firms are filing m-commerce patents. Many patents in our sample were filed by individual inventors or academic institutions and were not attached to any explicit corporation. Among the 2,303 patent applications, only 1,030 belonged to corporations. The total number of firms filing these patents amounted to 442. Table 1 shows the firms that filed more than two m-commerce patents, from most active innovators to least active.
An interesting finding in Table 1 is that a data security company, First Data Corporation, is one of the primary filers of m-commerce patents. This finding alone suggests that information security is an important concern when it comes to m-commerce. The table also indicates that the main innovator in m-commerce overall is IBM, which provides mobile commerce applications such as WebSphere (www-01.ibm.com/software/websphere/). The other revealing finding is that Microsoft is now the second leader in m-commerce patent filings, which is expected given the new Windows iPhone UI (http:// archive.msdn.microsoft.com/iPhoneUI/).
Evolution of M-Commerce Innovations
In the next phase of our analysis we used the available information about patents to examine the evolution of m-commerce innovations over time. We first created two-mode graphs of the relationships between the m-commerce patent titles and the individual key words for each year between 2001 and 2010. Figure 2 provides two examples of these graphs, for the first year (2001) and the last year (2010) of the analysis, in order to visually summarize the extent to which the relationships evolved over this time period. The quantitative characteristics for all of the graphs, including their network densities and node degree centralities, are then provided in Table 2 .
Patent application titles in Figures 2a and 2b are represented by circles, and key word stems are represented by squares. The arcs that link the different types of nodes are directed from the patent titles to the key words and represent the relationship "patent title x contains word y." The average degree of a key word node (i.e., the number of connections to other nodes) is an indication of how prevalent this key word is and therefore how frequently it is included in m-commerce patent applications. With this in mind, Figures 2a and 2b illustrate the degree centrality of each individual node by equating node size with the number of connections. A larger node thus suggests the node is well connected and, arguably, of higher importance.
If a key word has a high degree centrality value, this indicates that it is widely mentioned in m-commerce patent titles and thus represents a focal innovation area during the corresponding year. The key words with the highest degree centrality measures are therefore shown at the outskirts of the yearly networks so as to clearly point out the focal m-commerce innovation areas during these years. Note that in order to account for the lexical variants of the same word stem, we have used word stems rather than complete words in Figure 2 and in Table 2 .
Overall, Figures 2a and 2b and Table 2 suggest that since 2001 there has been a significant increase in both the number of nodes (distinct key words and patent applications) and the number of relationships between those nodes. More 43 .96 percent), indicating that individual key words were being used more often, and thus implying the natural formation of common themes of m-commerce innovations. Table 3 summarizes the yearly data detailed in Table 2 , identifying the most common m-commerce innovation topics for the period from 2001 until 2010. It is interesting to note that the results given in Table 3 reveal a progression of innovations, from one-way targeted advertising using push strategies, to the notion of leveraging the power of the consumers and their social entourage, and finally to the development of recommender systems and more socially based m-commerce capabilities. The following discussion examines this evolution of m-commerce innovations in more detail.
(2003, 2010): Mobile Marketing (Push, Pull, Social Networking Based)
Shankar and Balasubramanian defined mobile marketing as "the two-way or multi-way communication and promotion of an offer between a firm and its customers using a mobile medium, device or technology" [65, p. 118] . In order to realize effective mobile marketing, companies need to know their customers and leverage that knowledge to "deliver highly relevant messages; namely messages that reflect their personal preferences as well as possibly their locations or other contextual attributes" [61, p. 42] . As indicated in Table 3 (for  2001) , early mobile marketing efforts were focused on utilizing data pertaining to users' behaviors, including their location, in order to facilitate targeted advertising that is pushed at the consumer. Table 3 also indicates, however, that there was a change from push-based marketing to pull-based strategies starting in 2003, when the focal m-commerce innovation efforts became more in line with consumers' willful participation. This move toward permission-based marketing was driven, in part, by the enactment of privacy laws that forbade sending unsolicited advertising to mobile users [12] . Companies have also realized that well-targeted but unsolicited messages can discourage current and potential customers, thus severely backfiring on a marketing campaign.
More recently (2010 in Table 3 ), m-commerce has leveraged the power of social networks to unleash their ads and connect to new consumers worldwide. As a result, it is projected that firms' spending on mobile marketing worldwide will exceed $24 billion by 2013 [27] . Consider the case of Nike: After filming its now famous three-minute "Write the Future" commercial featuring several international soccer superstars, the sports clothing company launched the video as an ad on Facebook. eWOM recommendations of this commercial subsequently helped Nike's Facebook page increase its fan base from 1.6 to 3.1 million users in a single weekend [71] . Nike's chief marketing officer, Davide Grasso, said that Facebook "is the equivalent for us to what TV was for marketers back in the 1960s. It's an integral part of what we do now" [71] .
(2004, 2006): Secure Mobile Banking (Privacy Protection Policies, Identity and Access Management)
Mobile banking applications are defined by Hu et al. as applications that use mobile devices to pay for services, goods, bills, and "transfer funds (bank to mobile, bank to bank, mobile to mobile)" [26, p. 6] . As the demand for such applications became more prevalent over time, legislation controlling the transfer and use of private customer information triggered more security and privacy-based m-commerce innovations ( [33] . This guidance has subsequently triggered a new generation of innovative and cost-effective authentication services and products. Table 3 indicates that many of the focal m-commerce innovations in 2006 were in the area of identity and access management (IAM), which is particularly relevant in the context of m-commerce. The information security ontology from the National Institute of Standards and Technology (NIST), a division of the U.S. Department of Commerce, and the International Data Corporation taxonomy of IT security (www.idc.com) define IAM as technologies that relate to authentication (including biometrics, tokens, and smart cards), authorization, security policies (including privacy management), identity management (including federated identity, credential management, single sign-on, public key infrastructure, enterprise security assessment and provisioning, and directory services), access control and trust management (including privilege escalation and digital rights management, or DRM), vulnerability management (including policy and compliance, radio frequency identification or RFID, and forensics), threat management and prevention (including virtual private network, or VPN, and risk management), and, last but not least, licensing (including authoring, signatures, and certificates). [46] ), innovative m-commerce technologies for ticket delivery and distribution and location-based innovations have helped to take mobile ticketing to a much higher level. Consumers now can often present electronic tickets on their mobile phones thanks to barcoding and scanning innovations. In London, for example, award-winning Masabi's Chiltern Railways mobile ticketing application (www.chilternrailways.co.uk) allows railway travelers to buy tickets on their smartphones and to get on train rides just by scanning their ticket's barcode on their mobile devices.
2005: Mobile Ticketing
2007: Customer Engagement and Empowerment
The year 2007 marked the beginning of a new era of commoditization of mobile devices and mobile commerce with the release of Apple's iPhone. Although earlier forms of smartphones had existed since 1993, these smartphones were prohibitively expensive and cumbersome [60] . It was not until 2007, when Apple unveiled its iPhone and its operating system iOS, that m-commerce finally took off. The m-commerce revolution continued to get a boost with Google's Android operating system, unveiled in the fall of 2007 and released in 2008, and with Motorola's Droid, an Android-based smartphone released in 2009. The iPhone was designed with entertainment in mind, and although it was unveiled before the iPad's release in 2010, it was born with a tablet's multitouch feature [28, pp. 467-468] . The touch and feel and resolutions offered by mobile devices add to the realism of the purchasing experience by making it possible to touch a product virtually prior to its purchase. Shoppers can now quickly check prices and read reviews about products, even while shopping in stores, in order to ensure that they get the best value for their dollar. Retailers are especially encouraging consumers to use their mobile devices to shop by offering them better deals and secure, fast, and reliable checkouts.
Consumer empowerment, however, goes beyond offering consumers applications and tools to save money. The Free2Work m-commerce application (www.free2work.org), for example, gives consumers information about the secrets of companies' supply chains and warns them about child forced labor in products. This empowers consumers to make informed decisions and to impose their values and beliefs on firms, possibly shaping the future decisions of these firms.
2008: Intelligent Personalization
The results for 2008 indicate that the concept of intelligent personalization has become very important for m-commerce. The advantages of targeted advertising, mobile banking, e-ticketing, and consumer empowerment are all strengthened by tailoring services to a user's personal profile and by allowing users to incorporate their preferences into their interactions with their mobile device. Considering that users do not like to enter their personal information more than once when performing an online transaction, mobile operators (such as banks and mobile portals) become a repository of personal information and preferences. For example, users can enter their user name and password only once to access their Gmail account on their phones. The user information is then saved on the device for convenience.
2009: Recommender Systems, Mobile WOM, and Consumer Co-Creation
The next phase of innovations reflected in Table 3 (2009) indicates the growing importance of recommender systems as a means of WOM information sharing and co-creation of value for consumers. Product and vendor ratings that are voluntarily provided by users are useful to other customers because they allow for a smarter and less error-prone customer buying experience. Product blogs and review forums are a source of free information about products and brand comparisons and constitute a form of autonomous co-creation of value [83] . Amazon.com's portal, for example, posts ratings for its products based on prior customer experience and statistics of what products customers are more likely to buy after searching for a particular product. In a similar manner, Angie's List and Yelp synthesize the reviews of qualified customers and create derivative lists that provide aggregated and systematized reviews [83] .
2010: Social Networking-Based M-Commerce and Entertainment
The results for 2010 show that the focal m-commerce innovation themes reflected in the patent applications were social shopping, along with entertainment and mobile gaming. Group buying sites such as Groupon and LivingSocial have become increasingly more popular, and companies can now effortlessly create fan sites or fan communities for their stores, brands, or products using a social networking tool. The mobile gaming industry has traditionally been a big part of m-commerce, and the iPad, released by Apple in April 2010, is widely believed to have been designed with mobile gaming in mind [28] .
Penttinen et al. noted that "mobile games are one of the largest mobile application areas and one where users are often willing to pay for services" [54, p. 5] . Many such applications are initially free, but a premium is charged for increasingly higher levels of functionality. In analyzing such applications, a 2010 Juniper Research report (http://juniperresearch.com) found that in-app revenuesmoney spent by mobile gamers after initially downloading an application-have surpassed pay-per-download revenues and are expected to reach $11 billion globally by 2015. Even in the case of free games, there is often advertising revenue to be gained. Juniper Research estimated a tenfold increase in withinapp advertising, from $87 million in 2010 to $894 million by 2015.
Taxonomic Framework of M-Commerce Innovations
To provide a comprehensive overview of the overall range of m-commerce innovations from 2001 to 2010, we performed an additional cluster analysis of all 2,303 patents at once. Given that the data revealed 1,222 unique key word stems, we constructed a one-mode graph (or co-occurrence network) based on the square 1,222 × 1,222 incidence matrix relating words to words. The relationship in this network is not directed and can be defined as "word x appears in at least one patent application title with word y." This type of network has been widely utilized to undergo co-authorship and co-citation research [35, 38] . To obtain the co-occurrence network shown in Figure 3 , we loaded the group assignments, assigned by UCINET's faction tool, as attributes in NetDraw to cluster the word-by-word network. The tool was able to classify 690 out of the 1,222 filtered words into 17 major groups of 5 words or more, as shown in Table 4 . The remaining words were grouped into clusters of size 4 or smaller and are not represented in Table 4 .
The significance of these clusters, as compared to those discussed in the previous section, lies in the fact that they encompass the entire history of m-commerce innovations. As such, they provide a more general overall view of the relative importance of the different innovations that have been identified. Furthermore, they are able to characterize the persistence of innovations that may have developed more slowly over a span of several years. Thus, whereas each of the innovation areas discussed in the previous section (mobile marketing, secure mobile banking, privacy protection policies, mobile ticketing, identity and access management, customer engagement and empowerment, intelligent personalization, recommender systems, mobile WOM, consumer co-creation, and social networking-based m-commerce and entertainment) is included in some context within Table 4 , there are also additional focal areas identified. These include broader concepts such as mobile device design, real-time services, and localization capabilities that have been previously identified in the literature as being significant to the success of m-commerce initiatives. There is also an explicit emphasis on the important notions of collaboration and co-creation of value with and between consumers, which, as we have discussed, provide an overarching theme that exists at each of the other levels. The concept of co-creation, in particular, is a fundamental part of current innovation efforts as they have evolved, and it helps to drive and improve the effectiveness of efforts in each of the other innovation areas.
Based on the clusters given in Table 4 , and their associated focal innovation areas, Figure 4 provides a taxonomy of the value of m-commerce innovations. Each arrow in Figure 4 represents one or more of the focal innovation areas identified in Figure 3 and Table 4 . Radical innovations (such as 3G and 4G wireless technologies), shown at the top of the taxonomy in Figure 4 , triggered the m-commerce revolution. According to Snyder, 4G allows "typical users to get over 100 megabits per second (Mbps) to their wireless device anywhere they go" [70, p. 11] and is thus considered a huge step forward in mobile innovation, opening new doors and creating endless possibilities for m-commerce. Without these radical technologies, m-commerce would not have had a chance to evolve. However, our taxonomy portrays the consumer in the center of the m-commerce revolution to express how consumers are cocreating at all m-commerce levels, and the arrows in Figure 4 are bidirectional to emulate the co-creation between traditional m-commerce innovators and consumers. The taxonomy thus illustrates how m-commerce innovations are empowering consumers.
It is important to note that the taxonomy in Figure 4 not only uncovers the focal innovation areas of m-commerce contributors but also differentiates between the various m-commerce value network players and their primary focus on innovation. Many m-commerce innovators are playing multiple roles in this value network. For instance, Nokia, traditionally a mobile device manufacturer, is also competing in the mobile portal market [61] . Similarly, Yahoo!, traditionally a player in the Internet portal market, has leveraged its customer base to offer integrated portal solutions [61] .
Conclusions, Contributions, Limitations, and Future Research Directions
While prior literature has studied the importance of mobile applications and mobile devices' interfaces to the consumer, no prior research has investigated innovations in m-commerce as represented by patent applications in this specific area. In an effort to highlight how m-commerce innovations are empowering consumers and enabling their role as co-creators of value in m-commerce, this paper looked at such patent applications from a couple of different viewpoints. First, we characterized the number of m-commerce patent applications from 2001 to 2010 and identified the number of patents filed by different firms to assess the extent of their investment in m-commerce innovation. We then used the patent data to examine the evolution of m-commerce innovations over time and ultimately constructed a taxonomy that showcases the prevalent areas of innovation in m-commerce.
The data analyzed were based on 2,303 m-commerce patent applications from the USPTO Web site. SNA was used to relate the patent application titles to a set of unique focal key words as well as to relate the key words to one another. Cluster analysis was then used to highlight the most prominent key words, in turn revealing the importance of the corresponding m-commerce innovation areas. Our results revealed that m-commerce has matured from a one-sided marketing tool used by companies to push advertising about their products and services toward their customers to an entertaining social experience in which the users are engaged at all levels and are empowered to create value both for themselves and for others.
Zwass developed a theoretically derived taxonomy for e-commerce as a whole and identified "changing consumer roles and self-perceptions" [83, p. 37] as one of the principal research directions instrumental in furthering the theory of co-creation. Zwass [83] cited Bauman to point out that when it comes to e-commerce, "contemporary society engages its members primarily as consumers; only secondarily, and in part, does it engage them as producers" [6, p. 33] . E-commerce firms are typically in control, even with their intentions to co-create alongside consumers. Despite organizations' attempts to foster co-creation by engaging customers, their attitude tends to be "reductionist" [83] , in part because of the customer's self-perception as a consumer rather than an innovator.
In contrast to the situation in the more general area of e-commerce, m-commerce has revolutionized the self-perception of consumers by empowering them to voice their beliefs and preferences continuously and instantaneously. As indicated by our analysis, the notion of co-creation is fundamental to the field of m-commerce. As such, there is future opportunity to explicitly consider co-creation in the context of other frameworks, such as the 7C's and 2M's mobile interface taxonomy of Lee and Benbasat [39] .
M-commerce growth is attributed to the power of consumers to seamlessly impose (and often voice) their preferences and individualities through their small "third screens" (which have become the primary screen for most mobile phone owners) and to co-innovate side by side with innovators in the m-commerce value network. Our proposed taxonomy of m-commerce innovation areas contributes to the m-commerce literature and builds on the co-creation and empowerment theories. Given that m-commerce innovation studies are still at the nascent stage, this paper constitutes a first attempt at clearly differentiating between e-commerce and m-commerce in this context. In doing so, it seeks to highlight the relevance of customer empowerment and co-creation to the m-commerce environment.
This paper provides a contribution to the application area of information mining [20] in that it illustrates the use of widely available public patent data for understanding technological trends and ongoing innovation directions. It also makes a methodological contribution to the literature in that it shows how SNA and cluster analysis can be used to identify innovation trends and patterns. From a practical standpoint, the derived taxonomy emphasizes the importance of co-creation to the various innovators in the mobile value network. It further stresses the importance of redefining the role of mobile users from consumers to co-creators, and it can be used to discover uncharted areas for innovation that could potentially become value-generating for m-commerce innovators.
The timeline showing the evolution of m-commerce innovations is also a major practical contribution of the paper as it provides the first attempt to empirically map this process. The focus on security, consumer privacy and fraud detection, and identity and access management in 2002, 2004, and 2006, respectively, is especially revealing in that, while revolutionary, m-commerce is still fraught with security risks. The recent integration of m-commerce with social networks also provides tremendous practical insights into the future potential for applications and services in the realm of social commerce. More generally, both the timeline and taxonomy bear practical insights to m-commerce innovators on what they need to focus on in their products and services to be successful in the m-commerce market.
Some limitations stemming from the data collection and the methodological approach used in this study are inevitable. First, although the factions clustering algorithm in UCINET has been widely used in the literature [49] , it is a heuristic and therefore not as robust as a more mathematically based algorithm would be. Furthermore, the patent data collected from the USPTO Web site for 2010 (and possibly also for 2009) are not complete since it takes, on average, a year for such patent applications to be posted. There are thus more recent submissions that were not included in the analysis.
The choice to use patent applications, rather than actual accepted patents, was based on the fact that it typically takes four to six years for a patent to be accepted. Not only would this introduce a greater lag into the timing of the analysis, but it would also significantly reduce the amount of data available to analyze. In any case, the use of patent applications is not considered a significant issue because in the literature they are considered strong indicators of innovation activity [21] .
In conclusion, it is apparent that mobile devices have changed e-commerce as we know it by empowering consumers to make better decisions and by supporting them, through the use of innovative technologies and services, in the process of creating value for themselves and for others. Not only has this helped to create more efficient and enjoyable shopping experiences for consumers, but it has also allowed retailers to improve their productivity, reduce their costs, and do a better job of providing customers with products that meet their needs and expectations. The taxonomy that we have proposed represents only those m-commerce innovations about which information was made publicly available as of 2010. As the technical infrastructure and the business environment continue to evolve, it is certain that the realm of m-commerce will continue to generate new innovations that will ultimately make a significant impact on our society.
